Abstract Roma (Gypsies), the largest and most disadvantaged ethnic minority group in Europe, are believed to be vulnerable to HIV/AIDS. This study's aim was to examine HIV risk in 6 Roma male sociocentric networks (n = 405 men) in Bulgaria. Participants were interviewed concerning their risk practices and tested for HIV/STDs. High-risk sexual behaviors were common. Over 57% of men had multiple sexual partners in the past 3 months. Over one-third of men reported both male and female partners in the past year. Condom use was low. Greater levels of sexual risk were associated with lower intentions and self-efficacy for using condoms, drug use, having male partners, knowing HIV-positive persons, and having higher AIDS knowledge but no prior HIV testing. Two men had HIV infection, 3.7% gonorrhea, and 5.2% chlamydia. HIV prevention interventions directed toward high-risk social networks of Roma are needed before HIV infection becomes more widely established.
Introduction
Roma (Gypsies) are the largest and most disadvantaged ethnic minority population in Eastern Europe. Roma community health needs remain inadequately addressed [1] . Concerns have especially been raised in the international public health arena about the presence of HIV epidemic enabling factors in the Roma community and the absence of models for reaching and engaging Roma communities in efforts to prevent human immunodeficiency virus (HIV) infection and sexually transmitted diseases (STDs) [2, 3] .
In countries of the former Soviet Union, the HIV epidemic was first fueled by widespread injection drug use [4] . Other post-socialist countries in Eastern Europe such as Bulgaria have seen a much more gradual increase in HIV prevalence. Approximately 1,350 HIV infections, 18 per 100,000 of population, have been officially diagnosed in Bulgaria [5] , and the large majority are attributable to sexual transmission, predominately heterosexual. As the largest ethnic minority population in Bulgaria and throughout Eastern Europe, Roma may be particularly vulnerable.
Roma tribes migrated to Eastern Europe beginning in the 1300s. Roma traditionally had nomadic lifestyles, although many have now settled and permanently reside in ethnically-segregated towns and neighborhoods. This pattern characterizes Bulgaria, where 750,000 Roma residents constitute 9% of the country's population [6] . Roma maintain unique culture, traditions, languages, and customs, and Roma communities are self-regulated, closed, and distrustful of outsiders including governmental authorities. Discrimination hinders the integration of Roma communities with majority populations, resulting in widespread poverty, unemployment, poor living conditions, and vulnerability to communicable diseases [7, 8] . Roma often have limited education and literacy [2] . Bulgarian Roma community living conditions are substandard, and homes are often without electricity, access to clean water, and sewers. Roma neighborhoods in Bulgaria typically have poor health care infrastructure, limited access to health care facilities [9] , and a life expectancy 10 years less than the country's national average [10] .
Traditional Roma norms prescribe sexual freedoms for men and sexual monogamy for women [11] . Roma men's behavior substantially determines HIV risk because men have greater relationship power, and it is much more common in Roma culture for men than for women to have casual, extramarital, and concurrent sexual partners [11] . For these reasons, HIV prevention efforts in Roma communities must especially address men's behavior.
Several prior studies have examined levels of sexual risk behavior among Roma in Bulgaria. Most Roma men in a prior representative community sample were found to have multiple female partners, rarely use condoms, and often also engage in intercourse with other men [12] . Using an egocentric network sampling approach that recruited friendship clusters surrounding an index [13] , other research found similar levels of sexual risk and also established the influence of an individual's social network on risk behavior, likelihood of having an STD, and condom use [14] .
Social network HIV prevention approaches have been used in the West to reach marginalized community populations [15] [16] [17] . Network models have good cultural fit with Eastern European cultures where persons have long relied on their social networks for trusted advice, services, and supports [18, 19] . Network intervention approaches have proven feasible for HIV prevention among Roma [14, 20] , perhaps because Roma are closely connected with one another but often distrustful of outsiders.
In the current study, six sociocentric networks of Roma men were recruited in large Roma settlements near Plovdiv and Sofia, Bulgaria. The purposes of this study were: (a) to identify HIV/STD prevalence; examine types of sexual partnerships, risk practices, and substance use; and characterize circumstances surrounding men's most recent sexual intercourse; (b) to identify multivariate predictors of unprotected intercourse occurrence, frequency, and number of partners with whom unprotected acts occurred; and (c) to explore the extent to which riskrelated characteristics were intercorrelated within networks. This information is needed to guide the development of HIV prevention and reproductive health programs for Roma.
Methods

Enrollment Procedures
This study was carried out from 2007 to 2010 in cooperation with a local Roma non-governmental organization (NGO) with knowledge of local neighborhoods. Each of the six Roma sociocentric social networks was recruited by identifying an initial ''seed'' in a Roma neighborhood setting. The initial seed was the center of attention among others in his social circle based upon systematic ethnographic observation in the setting. The seed was interviewed and asked to identify members of his immediate friendship group, defined as others with whom you choose to spend time, are close, and are trusted friends. Named individuals were then also targeted for recruitment. This established the first wave of participants in the network. Seeds and their network members were eligible for participation if they were at least 16 years old, lived in the neighborhood, and provided informed consent. All willing members of the first wave were also interviewed and asked to identify members of their own friendship group beyond already-recruited network members. These individuals were in turn also asked to participate, and became the second recruitment wave. The same process was repeated to enroll the third recruitment wave. Some individuals were named as network members of multiple participants. In such cases, they were asked to indicate their social ties with all of the segments to which they belonged, not just with those from which they were initially identified. Thus, each sociocentric network was recruited by reaching out three waves from an initial seed, and the overall network was composed of multiple but interconnected friendship groups. Figure 1 illustrates one of the six Roma sociocentric networks. Participants in male seed-originated networks were always other men.
Networks ranged in size from between 37 and 89 men (total = 405), reflecting participation by 95.8% of all eligible network members who had been identified in interviews. This high level of participation was likely due to the compact nature of Roma settlements, high unemployment and therefore stable physical presence of men in the neighborhood, and research partnership with a credible Roma NGO for recruitment. Sociocentric networks were composed of between 13 and 31 friendship groups, with a total of 136 friendship groups across all six sociocentric networks. Twelve persons were ineligible because they were under age 16 years or did not live in the geographic area. There was no overlap across the six sociocentric networks, probably because seeds were recruited in different neighborhoods and venues.
Network members came to a neighborhood research office, provided written informed consent, completed assessment interviews, and provided small samples of blood and urine for HIV/STD testing. Interviews were conducted in private sessions with an experienced interviewer and followed a structured protocol. Participants received an incentive payment equivalent to $10. The study was approved by the institutional review boards (IRBs) of the Medical College of Wisconsin and the Health and Social Development Foundation in Sofia.
STD and HIV Specimen Collection and Analysis
HIV testing used HIV enzyme-linked immunosorbent assay (ELISA) followed by a Western Blot confirmatory test. Syphilis testing was performed by rapid plasma reagin and confirmed using the Treponema Pallidum particle agglutination test. After not urinating for at least 2 h, initial-stream urine was collected. Chlamydia trachomatis (CT) and Neisseria gonorrhoeae (NG) DNA were extracted using Amplicor CT/NG specimen preparation kits (Roche Molecular Systems, Inc., USA) and were tested using Amplicor CT/NG polymerase chain reaction (PCR, Roche, Branchburg, NJ, USA). All STDs were treated following best practice guidelines, and participants with HIV infection were linked to medical care.
HIV Risk Assessment Interview
Study measures were administered in the format of one-onone interviews in Bulgarian, and were additionally translated by study cultural mediators to Turkish or a Roma dialect for participants who spoke these languages. Measures were developed, translated from, and back-translated into English. Individual assessment interviews usually lasted less than 1 h.
Participant Characteristics
Respondents were asked to indicate whether they were employed, were in school, and also their numbers of completed school years. Using 5-point Likert scales, participants then indicated their sexual orientation and also reported whether they had female and also male partners in the past year. Additional questions asked whether participants ever had an STD and whether they knew someone with HIV. 
Psychosocial Scales
The interview included five acquired immune deficiency (AIDS)-related psychosocial scales. All measures were used or were adapted from scales employed in prior research with community populations in Eastern Europe and found to have sound reliability and validity [14, 20, 21] . A 15-item scale measured knowledge about AIDS risk reduction steps (sample item: 'If a man pulls out before orgasm, it protects from getting AIDS and venereal diseases'). Scores could range from 0 to 15, reflecting the number of correct answers. A seven-item scale measured perceptions about safer sex peer norms (sample item: 'Condom use is accepted by my friends'). For each statement, respondents answered 'yes', 'somewhat', or 'no', yielding scores between 0 and 14 (Cronbach's alpha = 0.67). The same response options were used to measure attitudes towards condoms and safer sex (10 items, sample item: 'Using condoms interrupts the pleasure of sex,' range from 0 to 20, Cronbach's alpha = 0.70); risk reduction behavioral intentions to use condoms (12 items, sample item: 'A condom will be used if I have sexual intercourse with a casual partner,' range 0-24, Cronbach's alpha = 0.64); and risk reduction self-efficacy or confidence (9 items, sample item: 'I am sure that I can overcome my partner's objections to safer sex or condoms,' range 0-18, Cronbach's alpha = 0.66).
Sexual Risk Background and Sexual Practices During the Past Year, the Past 3 Months, and Most Recent Intercourse with a Female and a Male
For both lifetime and the previous year, participants reported their number of male and female sexual partners, and whether they had given or received money or valuables in exchange for sex. Participants then described specific sexual behaviors occurring during the past 3 months. Questions inquired about sexual practices with up to 5 female-and up to 5 male-of participants' most recent sexual partners, asking whether each partner was main or casual, number of anal and vaginal intercourse acts with each partner, and number of times condoms were used. Participants with more than 5 partners of either gender in the past 3 months summarized their behavior with all partners beyond the first five. Finally, participants also described circumstances surrounding their most recent act of vaginal intercourse with a female partner and, if it was reported, anal intercourse with a male partner. These included type of sexual partner (exclusive, regular but not exclusive, casual, new, or commercial sex partners) and whether a condom was used; whether and how much alcohol was consumed before sex; and whether drugs were used prior to sex and, if so, the type of drug. Finally, participants estimated the extent to which they were drunk or high at the time of sex.
Substance Use
Participants reported how many alcohol drinks they had in the past week. In addition, they responded to questions asking on how many days in the past month they used any alcohol, alcohol to intoxication, heroin, methadone, other opiates/analgesics, barbiturates, other sedatives/tranquilizers, cocaine, amphetamines, marijuana/hashish, hallucinogens, ecstasy, gamma hydroxylbutyrate (GHB), inhaled nitrites (''poppers''), and Viagra. Street names were provided for the drugs when needed. Finally, respondents indicated on how many days in the past month they injected drugs.
Statistical Analyses
Mixed-effects regression analysis was used to examine the multivariate predictors of having any unprotected intercourse (UI), and number of UI occasions and number of UI partners in the past 3 months, in order to account for correlation among members within the same social network. There was no overlap between the 6 sociocentric networks. The correlation among members of a network is partially due to selection. Each member of a friendship group is linked to the member in the previous wave who identified them in their immediate social group (or to the first referring member if identified in multiple social groups). We anticipated relatively few participants in three waves would be identified as members of multiple friendship groups (115 of 405 or 28.4%). However, each participant's data were included only as part of the first friendship group into which he was recruited. To account for this non-independence, we include both network and friendship group as random factors in regression analyses. In this hierarchical framework, mixed-effects logistic regression analysis was used to analyze having any UI. Poisson mixed-effects regression analyses were used to fit the data for countsnumber of occasions of UI and number of partners-to the predictor models. Potential predictors were first tested in univariate analyses for each outcome. Predictors that achieved a p value \.10 for at least one of the 3 outcomes were then entered in the multivariate analyses. These predictors included demographic background factors; substance use in the past 30 days; AIDS-related psychosocial scales; as well as other behaviors and experiences related to HIV/AIDS (previous HIV testing, acquaintance with someone living with HIV/AIDS, and frequency of communications with friends about HIV/AIDS and safer sex). The generalized linear mixed model statistical program GLIMMIX (SAS Institute) was used to perform the multivariate analyses. Because data for counts (such as number of UI acts) are often highly skewed, GLIMMIX adjusts the fit of the Poisson model for extra variation (over-dispersion) in the outcomes. The significance of multivariate predictors was tested with an alpha level of 0.05.
Members of an identified network or friendship group share something in common due to selection, interaction or other factors. The intraclass correlation (ICC) reflects the measureable degree of this commonality or non-independence. The analysis further examines the ICC for HIV/ AIDS psychosocial behaviors within the social networks. The ICC represents the part of the variation in the behaviors attributable to the commonality within friendship group or network. Estimates of the ICC are shown as asymptotic 95% confidence intervals.
Results
Participant Characteristics
The mean age of participants was 19.9 (median = 19, range = 16-39, SD = 3.4) years, and men had completed a mean of 6.2 (SD = 3.2) years of school. Two-thirds of men (n = 269) were single and never married. Only 33.9% (n = 137) were employed and 14.8% (n = 60) were in school. Eight percent (n = 33) of participants said they ever had an STD, and 6.2% (n = 25) of participants said they personally knew someone with HIV infection or AIDS. With respect to their sexual orientation, 90.0% (n = 364) described themselves as being completely or primarily heterosexual, 8.2% (n = 33) as bisexual, and 1.7% (n = 7) as completely or primarily homosexual.
HIV/STD Prevalence, Sexual Risk Behaviors, and Substance Use
HIV/STD Prevalence
Two men in the sample (0.5%) had positive HIV test results. Both HIV-positive participants were aware of their status prior to study testing. Twenty-two participants (5.2%) had positive laboratory tests for chlamydia, and 15 men (3.7%) had gonorrhea. No syphilis was detected.
Sexual Partnerships During Lifetime, the Past Year, and Past 3 Months
Although very few men identified their sexual orientation as homosexual or bisexual, 51.9% (n = 210) of men reported lifetime same-sex activities, and 34.8% (n = 141) had sex with both men and women in the past year. Men reported a mean of 28.8 (SD = 68.0) female and 5.8 (SD = 13.3) male lifetime partners. With respect to the past year, men reported a mean of 7.1 (SD = 17.7) female and 2.0 (SD = 6.5) male partners. Virtually all participants (97.3%, n = 394) reported female sexual partners in the past year, and 87.2% (n = 353) of men had sex with multiple partners. Table 1 shows sexual risk patterns reported in the past 3 months and organized by partner type (main versus non-main). During this period, 56.8% (n = 230) of men had multiple sex partners, and 21.7% (n = 88) of men reported both female and male partnerships. Only about one-third of men had sex with a single partner, whether main or casual. Having sex with multiple partners and being concurrently engaged in both main and non-main partnerships were common patterns.
The interview's detailed partner-by-partner behavior questions were limited to a respondent's 5 most recent partners of both genders in the past 3 months. Ninety-one percent (n = 373) of men had no more than 5 partners of a gender.
Sexual Practices Occurring During the Past 3 Months
Over 52% of men reported unprotected intercourse with either casual or with multiple partners during the past 3 months and-among men with non-main partners-40% of vaginal intercourse occasions with those casual partners were unprotected. A high proportion of men in the sample also reported having unprotected anal intercourse in the past 3 months with female (39.0% of men, n = 158) and with male sexual partners (10.9%, n = 44). Condoms were used in approximately half (SD = 42.5) of participants' anal intercourse acts with partners of either gender. The number of unprotected vaginal and anal intercourse acts during the past 3 months with female partners was high (mean = 29.4 [SD = 42.2] UVI acts and 12.3 [SD = 29.9] UAI acts respectively), and men reported a mean of 11.5 UAI acts (SD = 23.4) with other men in the same time period.
AIDS-Related Psychosocial Scale Scores
On the scale assessing knowledge about AIDS risk reduction steps, participants correctly answered a mean of only 10.1 of the 15 items (SD = 2.8, actual range = 1-15). Mean scores on all other scales were near the respective scale values' midpoints. As such, the safer sex peer norms scale mean was 7.4 (SD = 3.4, actual range = 0-14); the attitudes towards condoms and safer sex scale mean was 10.7 (SD = 4.5, actual range = 0-20); the risk reduction behavioral intentions scale mean was 12.1 (SD = 4.9, actual range = 0-24); and the risk reduction self-efficacy scale mean was 11.8 (SD = 4.2, actual range = 0-18).
Substance Use in the Past Month
The predominant substances used by Roma men in the sample were alcohol and marijuana. Almost 82% of men (n = 330) drank alcohol in the past month and reported a mean of 5 drinking days (SD = 7.1) in that time period. Twenty-three percent (n = 93) of participants said they drank to intoxication in the past month, and 14.8% (n = 60) participants said they used any other drug in the past month: 9.9% of men (n = 40) marijuana or hashish; 4.0% (n = 16) amphetamines; 1.5% (n = 6) Viagra, 1.2% (n = 5) ecstasy, 1.0% (n = 4) injected heroin, and 1.0% (n = 4) other drugs.
Protection and Circumstances Surrounding Men's Most Recent Intercourse with a Female and with a Male Partner
Almost 58% (n = 229) out of 396 men reported that the woman with whom they most recently had intercourse was their regular or main partner, 27.8% (n = 110) said the partner was new or casual, and 14.4% (n = 57) of most recent heterosexual acts were with sex workers. The majority of most recent heterosexual acts involved vaginal intercourse (75.4%, n = 298) although 17.5% (n = 69) of men reported that they solely engaged in anal intercourse or in both vaginal and anal intercourse (7.1%, n = 28) with their last female partner. Condoms were used in only 39.6% of men's most recent intercourse acts with female partners. Nearly 23% (n = 90) men drank alcohol and 19% (n = 75) said they were a little drunk or high at last heterosexual intercourse. Fewer than 3% reported using other substances prior to last heterosexual intercourse. Out of the 205 men in the sample (50.6%) who described circumstances surrounding their most recent anal intercourse with a male, nearly two-thirds (n = 130) said they received money or valuables in exchange for sex and the overwhelming majority reported being the insertive partner (94.1%, n = 193). Condoms were used in 58.0% of most recent AI acts with male partners. Approximately 14% (n = 29) men said they drank alcohol and 11.3% of men (n = 23) reported having 3 or more alcohol drinks prior to most recent anal intercourse with a man. No men reported use of other drugs before last anal sex with a male partner.
Multiple Regression Predictors of Engaging in HIV Sexual Risk Practices
Multiple regression analysis examined predictors of highrisk sexual behavior during the past 3 months. As Table 2 indicates, significant predictors of having any unprotected sex were being married and having weak behavioral intentions to use a condom. Having sex with men in the past year and amphetamine use in the past month were trend-level predictors. We then examined multivariate predictors of number of unprotected intercourse occasions and number of different partners with whom unprotected intercourse acts took place. Weak behavioral intentions to use condoms and low risk reduction self-efficacy were significantly associated with both of these risk variables. However, higher risk was also associated with greater knowledge about AIDS risk reduction steps. In addition, greater number of UI acts was associated with being married, more days of alcohol use, and less frequent use of marijuana in the past month. Greater number of partners with whom UI was practiced was additionally predicted by having sex with a male in the past year, knowing someone HIV?, not having had an HIV test, older age, and using amphetamines in the past month.
Intraclass Correlations for HIV Risk-Related Psychosocial Scales and Sexual Risk Measures Among Friendship Groups
We examined whether individuals shared similar risk characteristics with others in their friendship groups. In Table 3 , significant ICC coefficients denote a greater a Demographic factors, substance use measures, psychosocial scales, and other HIV-related variables were tested in a series of univariate mixed models. All predictors that achieved a p value \.10 in any of these regressions were then entered in the multivariate models for all 3 outcomes b The sign for each t value indicates the direction of the relationship between the predictor and outcome correlation among members of the same friendship group than in the sample as a whole. Members within a friendship group had significantly correlated knowledge about AIDS risk reduction steps, attitudes towards condoms and safer sex, risk reduction behavioral intentions, and risk reduction self-efficacy. Sexual risk behavior indicators such as number of unprotected intercourse occasions and partners with whom unprotected acts occurred were not correlated within friendship groups.
Discussion
The study substantiates concerns raised in the international public health community regarding high HIV vulnerability in Roma communities [12, 22, 23] . Young men in this sample had very high rates of unprotected sex. An overwhelming proportion of men had sex not only with main female partners but also with casual and multiple female and-often-male partners. In addition, men's high-risk sexual practices often included unprotected anal intercourse. Bisexual behavior including unprotected anal sex with other men was common in the sample, as was selling sex to other men. Prior studies with Roma men have found a similar pattern of engaging in sex with other men but not having a homosexual or bisexual identity [12, 14] . This pattern appeared to largely reflect a pattern of impoverished men engaging in sex for money. Alternatively, it could be related sexual experimentation. An innovative feature of the study is its sampling approach. There has been a recent interest in the use of network-based modalities for public health interventions. In the HIV field, network-based approaches provide a means to sample and also intervene to deliver prevention messages that can reach individuals otherwise hidden from conventional sampling in public venues alone. Social network models for HIV prevention intervention may be particularly useful in Roma communities that are often distrustful of outsiders but trusting of personally-known sources of advice.
Recruitment strategies in which persons are identified by referral from others who know them can potentially reach hidden community segments. Sociocentric network approaches of the kind used in this study provide a way to access more deeply into a community so that individuals most hard-to-reach and high-risk can also be impacted. Recruiting successive waves of individuals from a community by beginning with a single ''seed'' allows considerable coverage even when there are few physical community venues for recruitment. In HIV prevention research, accessing individuals from marginalized minority population groups remains a challenge. Internet-based and mobile modalities have proven feasible for recruiting individuals otherwise hidden to public health programs [24] . As these technologies become more common in Roma communities, they may prove useful for enhancing the reach of HIV prevention programs.
In this study, behavioral intentions to use condoms were a strong predictor of all examined risk indicators, a finding consistent with behavioral theories [25] [26] [27] . Among other significant predictors of risk were substance use practices. As such, more days of alcohol use predicted a greater number of unprotected intercourse acts. Any use of amphetamines was also associated with greater number of partners for unprotected sex. Several findings seemed counterintuitive. For example, use of marijuana or hashish in the past month was negatively associated with number of unprotected intercourse occasions in the past 3 month; participants with higher HIV knowledge reported greater numbers of both unprotected sex occasions and also partners; and knowing someone with HIV predicted greater number of unprotected sex partners. These findings may be because persons who are more risky in their behavior are more knowledgeable about HIV infection and likely to know other risky persons, some of whom were also HIVpositive. Men who used marijuana engaged in sex less frequently, which may have also resulted in them less often having unprotected sex. Finally, safer sex peer norms were not predictive of risk behavior variables nor significantly correlated within friendship groups. This study has several limitations. Direction of effects cannot be determined in correlational research. Face-to-face interview data collection method may result in a bias due to stigma or the sensitive nature of sexual behavior data. Retrospective reports of sexual and substance use behavior are subject to recall bias. Some of the psychosocial scales had only modest internal consistency. Biospecimens were not collected from oral/pharangeal or rectal anatomical sites, potentially resulting in an underestimate of gonorrhea and chlamydia prevalence, especially among men who had sex with men. Approximately 9% of men in the sample had more than 5 partners of a gender in the past 3 months. Because detailed sexual practices were aggregated for these additional partners, some prediction precision was lost. Caution should be taken in interpreting associations of sexual risk with amphetamine and marijuana use because of the small number of participants who used some of these drugs. Each network in the study was limited to three recruitment waves from the initial seed, and more friendship connections between participants may have been discovered if additional waves were recruited. If so, the full network structure might have not been identified. In spite of these limitations, the study provides valuable information concerning Roma HIV risk vulnerability, community social structure, and possible intervention approaches.
HIV/STD prevalence in the sample was low, possibly due to the social insularity of Roma communities. However, the very high prevalence of men's sexual risk behavior constitutes an epidemic enabling factor of great concern. If infections emerge in Roma neighborhoods, disease incidence may quickly accelerate. HIV prevention interventions are urgently needed in Roma communities in Eastern Europe. Interventions for Roma should address the most common risky behavioral practices, take into account gender and relationship power roles, and be tailored to Roma culture [11] . The present study demonstrates the feasibility of using a sociocentric network recruitment and sampling method for reaching high-risk segments of the Roma community. Interventions directed to sociocentric networks have rarely been tested to date for reducing HIV risk behavior but provide a potentially useful avenue for intervention delivery. It will be important for future research to establish the feasibility and efficacy of networklevel interventions for reaching Roma and other hard-toaccess populations at elevated risk for HIV infection.
